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Damage t o  apple t r e e  r o o t s  by p ine voles i s  be l ieved t o  occur prim- 
a r i l y  du r ing  the w i n t e r  months. Cengel e t  a l .  (1978) found t h a t  the 
stomachs o f  p ine voles contained s i g n i f i c a n t  amounts o f  r o o t  mate r ia l  
on ly  dur ing January and March sampling periods. I n  add i t i on ,  the  d i e t  
o f  p ine  voles a t  t h a t  t ime consis ted p r i m a r i l y  o f  l ess  p re fe r red  grass 
species because p re fe r red  f o r b  species were unavai lable. Therefore, 
apple t r e e  r o o t s  may serve as a food source i n  the w in te r  when p re fe r red  
forages are unavai lab le.  If, i n  fac t ,  p ine voles a re  consuming roo ts  
i n  response t o  reduced food suppl ies, then one would expect the n u t r i -  
t i o n a l  q u a l i t y  o f  the d i e t s  o f  p ine voles t o  be i t s  lowest dur ing the 
w in te r .  The o b j e c t i v e  o f  t h i s  study was t o  determine i f  there was a 
w i n t e r  dec l ine  i n  t h e  d i g e s t i b i l i t y  o f  the d i e t  o f  the  pine vole. 
To achieve t h i s  ob jec t i ve ,  a  technique was developed f o r  p r e d i c t i n g  
the  d i g e s t i b l e  d ry  mat ter  (DDM) and d i g e s t i b l e  energy (DE) o f  the d i e t s  
o f  p ine voles from a n u t r i t i v e  ana lys is  o f  t h e i r  stomach contents. This  
technique u t i l i z e s  regress ion equations t h a t  were developed from data 
obta ined from 24 d i g e s t i o n  t r i a l s  w i t h  p ine voles. The d i e t s  i n  those 
d i g e s t i o n  t r i a l s  were made up o f  combinations o f  common orchard forages 
and comnercial feeds. The d i e t s  and the stomach contents o f  p ine voles 
on those d i e t s  were analyzed by the  procedures o f  Goering and Van Soest 
(1970). This method o f  n u t r i t i o n a l  ana lys is  d iv ides  forage samples i n t o  
a h i g h l y  d i g e s t i b l e  f r a c t i o n ,  c e l l  solubles, and a v a r i a b l y  d igested 
t o t a l  f i b e r  f r a c t i o n .  The var ious components o f  the f i b e r  f r a c t i o n  a re  
then determined i n  subsequent steps. These f r a c t i o n s  were used as v a r i -  
ables i n  stepwise regress ion procedures t o  develop equations f o r  pre- 
d i c t i n g  the DDM and DE o f  the d i e t s  o f  p ine voles from an analys is  o f  
t h e i r  stomach contents. 
I t was found t h a t  the  c e l l  so lub le  content  o f  the stomach contents 
provided the bes t  p r e d i c t i o n  o f  both DDM and RE. However, p re l im inary  
s tud ies  revealed t h a t  p ine voles apparent ly  inqested a subs tan t ia l  
amount o f  s o i l  i n  the  w i l d .  This  necessi ta ted c o r r e c t i n g  the  c e l l  so l -  
ub le content  o f  the  stomach contents f o r  the amount o f  a c i d  inso lub le  
ash (AIA) t h a t  they contained. 
To apply t h i s  technique f o r  determining d i e t  d i g e s t i b i l i t y  i n  the 
f i e l d ,  vo les were snap-trapped bimonthly from l a t e  summer t o  e a r l y  
sp r ing  i n  two orchards. Voles a lso  were trapped i n  two add i t i ona l  o r -  
chards dur ing  December. The stomach contents o f  these animals were r e -  
moved, weighed and analyzed f o r  l e v e l s  o f  c-e l l  so lub les and AIA. D i e t  
d i g e s t i b i  1  i t y  was then est imated from the  AIA-corrected c e l l  so lub le 
' leve ls  of the stomach contents. 
The amount o f  d r y  mat ter  i n  the stomach contents was n o t  s i g n i f i -  
c a n t l y  d i f f e r e n t  between months i n  the orchards trapped bimonthly, nor 
were the re  any apparent trends. S i g n i f i c a n t  d i f fe rences  a lso  d i d  n o t  
e x i s t  between the f o u r  orchards sampled i n  December. The DDM and DE i n  
the d i e t s  o f  p i n e  voles were n o t  s i g n i f i c a n t l y  d i f f e r e n t  between months 
o r  between orchards. The DDM and DE o f  the p ine v o l e ' s  d i e t  i n  one o r -  
chard d i d  dec l ine  s t e a d i l y  from a h igh  i n  August t o  a low i n  December, 
then rose j u s t  s l i g h t l y  i n  February and remained the  same i n  A p r i l .  The 
DDM and DE o f  the  d i e t s  o f  voles i n  the second orchard decreased grad- 
u a l l y ,  b u t  on ly  s l i g h t l y  from October t o  A p r i l .  
From these data, i t  appears t h a t  the d i g e s t i b i l i t y  o f  foods con- 
sumed by p ine  voles does no t  decrease s u b s t a n t i a l l y  dur ing the w i n t e r  as 
p rev ious ly  hypothesized. N u t r i t i o n a l  de f i c ienc ies  m a y s t i l l  occur i n  the 
w in te r ,  however, probably due t o  a decrease i n  the a v a i l a b i l i t y  o f  f o r -  
ages. Three s tudies a t  VPI and SU have shown t h a t  the  f a t  l e v e l s  o f  
p ine voles decrease dur ing  the l a t e  w i n t e r  months which ind ica tes  t h a t  
voles are exper ienc ing a n u t r i t i o n a l  de f i c iency  (Cengel and Estep 1978, 
No f fs inger  1976, Lochmi l ler ,  unpublished data).  The d r y  weight o f  the 
stomach contents  examined i n  the present study d i d  n o t  i n d i c a t e  food 
shortages ex is ted  i n  the  w in te r .  However, the  weight o f  the stomach 
contents i s  probably n o t  an adequate i n d i c a t i o n  o f  food shortage by i t -  
s e l f .  Therefore, we can conclude t h a t  the  d i g e s t i b i l i t y  o f  the d i e t  o f  
p ine  voles does n o t  decrease s u b s t a n t i a l l y  i n  the w i n t e r  and t h a t  n u t r i -  
t i o n a l  dedic ienc ies t h a t  occur i n  the  w i n t e r  may be p r i m a r i l y  a  r e s u l t  
o f  a  decreased a v a i l a b i l i t y  o f  forages. 
These data add t o  our  o v e r a l l  understanding o f  r o o t  damage by p ine 
voles. A t  t h i s  symposium l a s t  year, we repor ted t h a t  r o o t  bark was ap- 
prox imate ly  50% d i g e s t i b l e  dur ing  a l l  seasons o f  the  year (Serve l lo  e t  
a l .  1981). Th is  i s  about 15% less  d i g e s t i b l e  than the  normal d i e t s  o f  
p ine vo les i n  maintained orchards. Therefore, i t  i s  doubt fu l  t h a t  p ine  
voles would p r e f e r  r o o t  bark t o  t h e i r  usual d i e t  o f  grasses and fo rbs  
because o f  t h e  l a r g e  d i f fe rence  i n  d i g e s t i b i l i t y .  However, i f  r o o t  bark 
made up 15% [ t h e  maximum found i n  f i e l d  s tud ies (Cengel e t  a1. 1978) l  
o f  the d i e t s  o f  the  p ine voles when the  d i g e s t i b i l i t y  o f  o ther  forages 
was a t  o r  near 70%, then t o t a l  d i e t  d i g e s t i b i l i t y  would drop on ly  3%. 
This l e v e l  o f  r o o t  consumption probably could be t o l e r a t e d  e a s i l y .  
A t  t h i s  symposium l a s t  year, we a lso  proposed the  hypothesis t h a t  
p ine voles may increase t h e i r  consumption o f  r o o t  bark dur ing  the  w i n t e r  
because o f  increases i n  i t s  sugar content  (Serve l lo  e t  a1 . 1981 ) .  Sugar 
l e v e l s  i n  r o o t  bark reach t h e i r  h ighes t  l e v e l s  i n  midwinter and a re  a l -  
most double summer l e v e l s .  The increase i n  sugar l e v e l s  may make r o o t  
bark more p a l a t a b l e  t o  p ine voles i n  the w in te r .  This increase i n  r o o t  
bark p a l a t a b i l i t y  co inc ides w i t h  the per iod o f  reduced forage a v a i l a b i l -  
i t y  described above. I n  a d d i t i o n  t o  a decrease i n  food suppl ies and an 
increase i n  r o o t  p a l a t a b i l i t y  i n f l u e n c i n g  r o o t  consumption, p ine voles 
may s imply  spend more t ime i n  and around t h e i r  nest  i n  the  w i n t e r  which 
would p rov ide  increased o p p o r t u n i t y  f o r  gnawing behav ior .  These t h r e e  
f a c t o r s  probably  a c t  t oge the r  t o  cause t h e  i nc rease  i n  r o o t  bark con- 
sumption by  p i n e  vo les .  
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